High-pathogenicity avian influenza (HPAI) and low-pathogenicity notifiable avian influenza (LPNAI) in poultry are notifiable diseases that must be reported to the World Organisation for Animal Health (OIE). There are variations between countries' responses to avian influenza (AI) outbreak situations based on their economic status, diagnostic capacity and other factors. The objective of this study was to ascertain the significant association between HPAI control data and a country's poultry density, the performance of its Veterinary Services, and its economic indicators (gross domestic product, agricultural gross domestic product, gross national income, human development index and Organisation for Economic Co-operation and Development [OECD] status). Results indicate that as poultry density increases for least developed countries there is an increase in the number and duration of HPAI outbreaks and in the time it takes to eradicate the disease. There was no significant correlation between HPAI control and any of the economic indicators except membership of the OECD. Member Countries, i.e. those with high-income economies, transparency and good governance, had shorter and significantly fewer HPAI outbreaks, quicker eradication times, lower mortality rates and higher culling rates than non-OECD countries. Furthermore, countries that had effective and efficient Veterinary Services (as measured by the ratings they achieved when they were assessed using the OIE Tool for the Evaluation of Performance of Veterinary Services) had better HPAI control measures.
Introduction
High-pathogenicity avian influenza (HPAI) and lowpathogenicity notifiable avian influenza (LPNAI) in poultry are notifiable diseases that must be reported to the World Organisation for Animal Health (OIE) (16) . Highpathogenicity avian influenza is a highly infectious disease of poultry caused by H5 and H7 subtypes of type A influenza virus and it typically results in high mortality. Low-pathogenicity avian influenza is also caused by infections with influenza A viruses of H5 and H7 subtypes, but it causes little or no mortality unless accompanied by secondary pathogens. The main risk from LPNAI viruses, and the reason for global efforts for their control, is that they have the capacity to change to HPAI viruses, and it is not possible to predict when this might happen. International reporting of HPAI and LPNAI outbreaks is necessary to prevent further spread through international trade, to increase global disease transparency, and to enhance knowledge of the worldwide avian influenza (AI) outbreak situation, thus allowing the development of effective, harmonised control strategies. Local, national and regional level Veterinary Services play a key role in controlling AI by carrying out surveillance of animal diseases, including zoonoses, for early detection and rapid response (2) . In order to effectively utilise financial and human resources to deal with AI control, it is important to understand the economic, social and governance factors that may affect the success and impact of control measures. Whilst following certain general principles, the control strategy for an individual country should be tailored to country-level factors such as the mixture of commercial, semi-commercial and village poultry production systems, and the availability of local financial and human resources (10) .
There are variations in the ways in which countries respond to HPAI outbreaks and this paper examines some of the factors that explain these differences. More specifically, the authors analyse how a country' s economic indicators, its poultry density, and the performance of its Veterinary Services influence its ability to prevent and control HPAI.
Materials and methods

Avian influenza control data
A total of 60 countries, territories or special administrative regions experienced outbreaks of HPAI in poultry between 2002 and 2010, and from data collected from Handistatus II (18) and the World Animal Health Information Database (WAHID) (19) the following parameters were calculated: -outbreak duration in days: start date of the event until the last case has been diagnosed -eradication time in days: start date of the event until three months after the last case has been stamped out and all affected establishments have been disinfected (in accordance with the OIE Terrestrial Animal Health Code, the absence of further outbreaks must be confirmed by surveillance during this three-month period [16] ) -mortality rate:
poultry deaths during an HPAI outbreak × 100,000 poultry population at a particular time in a year -culling rate: total poultry culled during an HPAI outbreak × 100,000 poultry population at a particular time in a year.
Data on poultry population were obtained from the Statistical Database of the Food and Agriculture Organization of the United Nations (FAOSTAT) (7) and information on poultry density (head/km 2 of agriculture land) was obtained from the FAO Global Livestock Production and Health Atlas (6).
Economic indicators
Economic indicators allow analysis of the economic performance of a country. In this study the authors used the following economic indicators:
-gross domestic product (GDP) based on purchasing power parity -agricultural gross domestic product (AGDP)
-percentage that AGDP contributes to total GDP (% AGDP)
-GDP per capita -gross national income (GNI)
-human development index (HDI) -membership of the Organisation for Economic Cooperation and Development (OECD) (3, 11, 13, 15 ).
Economic indicators were tested for correlation with AI control data sets.
A nation' s GDP at purchasing power parity exchange rates is the sum value of all goods and services produced in the country valued at prices prevailing in the United States. This is the measure most economists prefer when looking at per-capita welfare and when comparing living conditions or use of resources across countries (3). Gross domestic product per capita is gross domestic product divided by mid-year population (15) . Gross national income per capita at purchasing power parity rates is the sum of the value added by all resident producers plus any product taxes (less subsidies) not included in the valuation of output plus net receipts of primary income (compensation of employees and property income) from abroad in current international dollars (15) . The HDI is a summary measure of human development. It measures the average achievements in a country in three basic areas: health, education and living standards (13) .
Countries which experienced outbreaks of HPAI between 2002 and 2010 were analysed in order to establish if there was an association between their GDP, AGDP, % AGDP, GDP per capita, GNI and HDI and their HPAI control data sets. For the purpose of more detailed statistical analysis, the countries were classified into least developed countries, Veterinary Services as those that have four fundamental components:
-the human, physical and financial resources to attract resources and retain professionals with technical and leadership skills -the technical authority and capability to address current and new issues, including prevention and control of biological disasters, based on scientific principles -sustained interaction with stakeholders in order to stay on course and carry out relevant joint programmes and services -the ability to access markets through compliance with existing standards and the implementation of new disciplines such as the harmonisation of standards, equivalence and zoning (17) .
Under each of these four fundamental components, six to twelve critical competencies have been elaborated to enable countries to establish the current level of performance of their Veterinary Services based on performance ratings ranging from level one (low performance) to level five (high performance). Twelve of the countries that experienced HPAI outbreaks during the period covered by this study had assessed their Veterinary Services immediately after the outbreak using the OIE PVS tool. The results of the evaluations of these 12 countries (country names withheld to maintain confidentiality -eight developing countries and four least developed countries) were analysed to ascertain the association between the success of AI control measures and 15 critical competencies (drawn from across the four fundamental components of the PVS tool [17] 
Results
Poultry density and economic indicators
Linear regression analysis of HPAI control data in poultry (2002 to 2010) with poultry density and economic indicators (GDP, AGDP, % AGDP, GDP per capita, GNI and HDI) are presented in Table I .
Poultry density of least developed countries showed significance (p < 0.05) for outbreak duration (R = 0.92), length of eradication time (R = 0.92) and number of cases (R = 0.93). This indicates a strong positive linkage, i.e. the higher the poultry density, the longer the duration of the disease, the longer the length of time to eradicate the disease, and the greater the number of cases. The R 2 values for these parameters were more than 0.85, indicating that more than 85% of the variability in outbreak duration, eradication time and number of outbreaks could be explained by the poultry density. Mortality and culling rates of least developed countries showed no correlation with poultry density.
The poultry density of developing/transition and developed countries showed insignificant R values for all HPAI control data, indicating that there was no correlation between them.
All R values for GDP, AGDP, % AGDP, GDP per capita, GNI and HDI were non-significant, indicating there was no significant correlation between HPAI control data and these economic indicators.
A comparison of the mean number of outbreaks, the mean mortality and culling rates, the mean outbreak duration and the mean eradication time in OECD countries and non-OECD countries is presented in Table II . There was 
Statistical data analysis
For each country, GDP, AGDP, % AGDP, GDP per capita, GNI, HDI, poultry density, and PVS evaluation scores were compared to HPAI control data to determine association by significant difference between the means, indicating that OECD countries had shorter outbreaks, shorter eradication times and fewer outbreaks than non-OECD countries. Also, OECD countries had lower mortality rates and higher culling rates than non-OECD countries.
Performance of Veterinary Services
Linear regression analysis of PVS tool critical competencies and HPAI control data is presented in Table III 
Discussion
Poultry density
High-density poultry farms located in least developed countries were associated with longer outbreaks, longer eradication times and an increased incidence of outbreaks. A high density of poultry facilitates the rapid transmission of the virus between birds and between farms, and could lead to environmental persistence of the virus for a longer period of time. This study corroborated earlier findings in some developing countries. In Vietnam, for example, medium poultry density was found to be a risk factor for HPAI outbreaks (8) . Similarly, high poultry density was found to be associated with HPAI outbreaks in Thailand (12) and Hong Kong (9) . The virus can move from bird to bird and farm to farm far more easily in a high poultry density zone than in a low density area, especially if between-farm biosecurity is poor. However, in developed and developing/transition countries, high poultry density was not associated with an increase in the number or duration of HPAI outbreaks or in eradication times. This suggests that in such countries other components of poultry management, such as better biosecurity and veterinary care, compensated for the increased poultry density and prevented increasing transmission and spread of HPAI viruses.
Economic development indicators
There was no significant correlation between GDP, AGDP, % AGDP, GDP per capita, GNI and HDI with HPAI control data. This suggests that several other factors, such as environment, ecology, poultry production systems and implementation of effective control programmes, may influence the occurrence and control/eradication of the disease in a country (5) . Continuous or intermittent HPAI outbreaks have been reported in high-GDP countries such as China, Germany, India, Japan, the Republic of Korea, Malaysia and Russia, even though abundant resources are devoted to disease surveillance and biosecurity in these countries. In medium-GDP countries, such as Bangladesh, Egypt, Indonesia and Vietnam, the disease is prevalent and is endemic in nature. In contrast, Afghanistan, Benin and Bhutan, which are low-GDP countries, have only ever experienced occasional small outbreaks of HPAI. This indicates that the virus can cause disease in a country irrespective of its GDP and that control/eradication is complex and influenced by multiple factors. However, the OECD countries that have systems of economic development and governance which favour transparency, economic growth and financial stability had significantly fewer HPAI outbreaks, shorter outbreaks, shorter eradication times, lower mortality rates and higher culling rates than non-OECD countries.
Performance of Veterinary Services
If a country' s Veterinary Services perform well it has a better chance of controlling and preventing HPAI outbreaks. Veterinary Services can only carry out their functions effectively if they have:
-appropriately qualified staff and a sufficient number of posts -professionally competent staff who have regular access to continuous education and relevant training -sound financial resources for continued operation of the Veterinary Services -rapid laboratory-based diagnosis of pathogenic agents -continuous epidemiological surveillance for various diseases and reporting of disease status to the OIE -effective regulation of veterinary medicines and biologicals -increased prevention, control and eradication measures for OIE-listed diseases.
Veterinary Services must perform optimally in all these areas if they are to implement effective control measures and prevent AI. If there is a decrease in the level of critical competencies, then there is the potential for outbreaks to become prolonged and difficult to eradicate.
The role of Veterinary Services is recognised as a 'global public good' by the World Bank. Veterinary Services are involved in the provision of animal health services, and this requires close working partnerships between veterinarians, veterinary assistants, and livestock and poultry farmers. When Veterinary Services fail in a single country, this creates a threat to the entire world. Animal disease outbreaks pose more of a problem when they occur in countries that have no effective surveillance and no preventive animal health network (1) . Veterinary Services at the national level play a key role in combating HPAI outbreaks and countries should evaluate their Veterinary Services using the OIE PVS tool or similar assessment tool to identify gaps and weaknesses in their ability to comply with OIE international standards on animal health. Once countries know how they are currently performing they can decide how best to reinforce their national preparedness plans for AI control in line with international standards and guidelines. They can also ensure that they strengthen their Veterinary Services in ways which will facilitate the early detection of HPAI outbreaks and the implementation of efficient control measures.
Although analysis of GDP, AGDP, % AGPD, GDP per capita, GNI and HDI did not indicate a direct economic link to HPAI control, the combined results of the OECD and PVS analyses suggest that countries which invested financial and human resources in their Veterinary Services had more effective disease control and preventive measures for HPAI. However, this is not solely a financial issue, but also involves multiple other factors connected to OECD membership, including transparency and good governance. Previously, a close relationship was demonstrated between GDP and public spending on National Prevention Systems for Animal Diseases and Zoonoses (NPS), and further linked livestock density, especially poultry density, and export of animal products in wealthier developing countries to increased levels of spending on NPS (4). Countries that produce and export meat have better veterinary governance and are associated with Veterinary Services that achieve high ratings when their critical competencies are evaluated (J. Commault, OIE unpublished data, 2011). In addition, the GDP per capita was positively linked to high-performing Veterinary Services. It should be noted, however, that a high GDP is not always sufficient for Veterinary Services to perform well in all areas: some high-GDP countries do not have high-performing Veterinary Services (J. Commault, OIE unpublished data, 2011). However, a country with a high GDP which is also transparent and well-governed is more likely to have good Veterinary Services and will therefore be better placed to control HPAI outbreaks. 
Conclusions
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Influencia de los indicadores económicos, la densidad de animales y la eficacia de los Servicios Veterinarios sobre la lucha contra la influenza aviar altamente patógena en aves de corral Animal (OIE). Los países aportan una respuesta diferente a los brotes de influenza aviar (IA) según cuáles sean, entre otros factores, su situación económica y su capacidad de diagnóstico. Los autores describen un estudio encaminado a desentrañar la relación significativa entre los datos de la lucha contra la IAAP y la densidad de aves de corral de un país, la eficacia de sus Servicios Veterinarios y sus indicadores económicos (producto interior bruto, producto interior bruto agrícola, ingreso nacional bruto, índice de desarrollo humano y pertenencia o no a la Organización de Cooperación y Desarrollo Económicos [OCDE]). Los resultados indican que, en el caso de los países menos adelantados, a medida que se incrementa la densidad de aves de corral aumentan el número de botes de IAAP, su duración y el tiempo necesario para erradicar la enfermedad. No se observó ninguna correlación significativa entre la lucha contra la IAAP y uno u otro indicador económico, exceptuando la pertenencia a la OCDE. Los Países Miembros de esta Organización, que poseen una economía con un elevado nivel de renta y gozan de transparencia y buen gobierno, sufrían brotes de IAAP más cortos y en número significativamente menor, lograban erradicarlos en menos tiempo y presentaban tasas de mortalidad más bajas e índices de sacrificio sanitario más elevados que los países no pertenecientes a la OCDE. Además, los países que contaban con Servicios Veterinarios eficaces (a juzgar por la puntuación obtenida al ser analizados con la herramienta de la OIE para evaluar la eficacia de los Servicios Veterinarios) instauraban mejores medidas de control de la IAAP.
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